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Controls atmosphere brazing (CAB) relies on a flux ,o re ae. wfth and remove .he 

aluminium oxide. Fluoride-based fluxes e a a miv, 

alumina ^ v. «, 8 ' re of DotasS1 '™ tetrafluoro- 

aluminate and hexafluorotripotassium aluminate, are advantageous since they 
leave no corrosive residues. y 

The durability of a brazed aluminium heat exchanger in a corrosive enviionmen. is 
dependent on the inherent corrosion performance o, each component (head" 

t e ,7 T eteC ~ cal « * -men pra cL to £ 

.he f,n,„n-c.add,ng and header/header-c,add,ng ,„ such a way that ^ 

ZI ^ "~ be °° me SaCn ' fl0ial '° ' he ^ermore I 

eon Th' 0 " Perf0rmanee " ea ° h e0 ' nPOnen, iS bribed by me 

tendency and degree of pitting corrosion. 

fl ,s known tha , , h6 severi(y Qf pw . ng . n ^ aiumjn um 

eZI , °" ^ °' P "' ma,y " — 18 - raafive 
em ' Cal POtentel difference *«-" Pa*,es and matrix. The electn, 
ohemK., potential of primary panicles is again dependent on the particTe 
cons-mem, iron (Fe) is a common impurity in aluminium alloys and pTem 
increase in degree of .cycling of aluminium materia, results In relety high " n 
contents. The solubility o, Fe in aluminium Is very ,ow. in the Cer of oT% by 
weigh, at 655»C (Po.mear 1). Thus, most o, the Fe wii, be present in the Z oi 
part,cu,a,e precipitates. The electrochemica, potential of Fe - CcTdfc 
compared ,o aiumlnium. n is Known tha, the electrochemica, potential ZJ^Z 
Fe^eanng pamcles can be made more anodic by additions of e.g. manganest 
and bus the potential difference between the a,um,n,um matrix and me paZs 
canbe reduced „ has been demons, ra ,ed tha, such Mn add,«ons havet Z 
effect on .mproving the pitting corrosion of an aluminium alloy. 

'T ' ha ' ' nherent °° rroSi0n Perf0 — oxpressed by the 
tendency for pitting corrosion is even more dependent on the physics, size of the 

ZZoTT T"* Wh6reaS m ~ — ^ timing ^ 
leveling of the corrosion potentia, have increased time to perforaflon in SWAAT 



from 2-4 days to 6-8 days, controlling the particle size will give up from 20 days - 
indefinite lite in SWAAT. 

It is therefore an object of the present invention to provide a novel method of 
production of Al-alloy sheets applicable on heat exchanger sheet based 
components resulting in improved pitting corrosion appiying (base) Al-alloy 
material with higher Fe-content. 

This and other objects of the present Invention are achieved by provision of a 
novel production method as claimed in the attached claim 1 and the resulting Al- 
alloy sheet in claim 7. Embodiments of the method is further defined in dependent 
ola,ms 2 - 6, while further embodiments of the alloy sheet are defined in dependent 
claims 8-11. 

The invention will now be described in details as illustrated by way of examples 
and results from SWAAT tests conducted on Ai-sheet samples provided by the 
novel production method compared to the reference sampies as illustrated in the 
attached Figures 1-5, where 

Fig. 1 shows a diagram of particle size distribution in the Al-sheets prior to 
brazing, 



Fig. 2 
Fig. 3 



is a corresponding diagram showing particle distribution after brazing, 

is a scanning electron microscopic image of the particles in the strip 
cast material according to the present invention after brazing, and 

Fig. 4 is the reference scanning electron microscopic image of the particles in 
hot rolled material after brazing. 

Fig. 5 is the simulated brazing cycle utilised for the testing materials. 



The present production of aluminium sheets provided with a braze cladding 
material comprises steps of; 

- casting of rolling ingot followed optionally by homogenizing, 

- application of braze cladding material to ingot, 
preheating of rolling ingot to a range from 500 to 600°C, 
hot rolling of the clad ingot, and finally 

cold rolling to the specified gauge sheet. 

In addition to tow solidification rate, also the proionged exposure of ingots to 
elevated temperatures during the hot rolling operation results in segregation of 
alloymg elements, coarse primary particles and dispereoids. .n particular this 
appi.es for the size of Fe-bearing prima* partic.es being controlled by 
solrdification rate. y 

According to the present invention an inherent characteristic of continuous strip 
casttng process, namely cooling rate and thus solidification rate of the cast sheets 
be,ng of several orders of magnitude higher compared to commereia! DC cast and 
hot rolled ingot material, has been applied in the novel method of production. 

The novel production process comprises steps of; 

- continuous strip casting of an Al-alloy sheet at predetermined solidification 
rate, in a range from 10 2 to 10 3 °C/sec, and 

- cold rolling of the cast sheet optionally followed by annealing. 

In general, unclad fin material is applied to welded tube which is clad with Al-Si 
braze metal. After brazing, residual cladding will in some way protect the tube 
core from corrosion attack. By providing a flux retaining coating on the said 
conttnuous cast sheet surface, especially if the flux is (reactive) fiuoride-based 
flux ,. ,s poss,ble to uttlize the improved corrosion reeistance of continuous strip 
cast sheets ,n manufacturing of heat exchanger components with further improved 



corros.cn resistance. In .his case, at .east one of the flat surfaces of the said 
congous cast shoe, ,s coated with a reactive flux retaining coating capabie o, 
proving ,o,n,s in a brazing process, characterized in ma, me flat surface a. leal 

Z2 " r ,6d Wi ' h 9 " UX reteinin9 ° 0mP08itl0n a — resin 

ma ' n COn8MUem ' °" m8,hae ' y,a,e h ° m °'°*™ or a methane 

Example 

I. has been demonstrated fhat by controlling the solidification rate during strip 
casting and thus producing average primary particles essen.ia.ly below 1 pm- 

eCof ' d T bU, '° n °' 6SPe0ial * ir0 " ** PartiC ' eS ' ' he PO,en,ial ha ™«" -«hod.c 
effect of such particles is substantially reduced. 

The Ai-aiioy aa 3003 has ten sMp cas , (q ^ 

■nvenflon a. a cooling rata in a range from ,0* ,0 . 0° o c/sec , 0 J 

h* and .hen , cold reiied «o 60 pm w«h opflona, inter-anneaflng during co W roliing. 

ale^Tet ^ ^ ^ r °" ed '° 0 58 ^ fo ' IOWed * - 

annealrng. The annealrng was undertaken in an air furnace by heaflng from room 

tampered .0 340'C a, 30-C/hour and soaking a. 340'C for 3 hours. After 
coo„ng from 340-C «o 200'C a. 50-C/hou, .he material was cooied in air After 
annealing, the material was further cold rolled to 60 urn. 

An identica, alloy was applied ,0 provide reference sheete produced by DC casting 
of me ol„ng rngo, followed by ho, rolling and cold rolling o, ,he ingo, re the 
■denial gauge wrth typical commerce, inter-annealing processes during cold 

Fig. t shows the particle size and distribution o, the fln materials before brazing. 

d^rnal'^od^re^™ 'EZSStiS? T™* Whfch is • - 
tha, a particle with an area of 1 W h^T! ° Und to be ec l ui ^ed meaning 
Volume=(VArea) 3 . m tes a "^Ponding volume of 1 i e : 



Rg.2 shows the particle size distribute of the „ n material after bra2jng 
chemical composition of the alloys is given in T»hi» 1 T „ 




Table 1 




Table 2 



Fig. 5 is the simulated brazing cycle utilised for the testing 



materials. 



It is well known that the pitting corrosion in 3xxx series alloys is prone to initiate 
from coarse Fe-bearing particles. When increasing the size of the Fe-bearing 
particles the cathodic area will be increased in the alloy. As a consequence, the 
rate of pitting corrosion will be increased in the vicinity of the Fe-bearing particles. 
This is detrimental to the corrosion performance of the alloy. 

In general, as seen in Figs. 3 and 4, there are two types of Fe-bearing particles in 
AA 3003 alloys. One is AI 6 (Fe,Mn) exhibiting coarser particles and another one is 
a-AIMnFeSi (fine particles). From the results in the attachment, it can be seen that 
the strip cast fin material contains dense fine particles of two types before and 
after brazing, and very few particles are larger than lum 2 . However, the particles 
in the hot rolled fin material have bimodal character consisting of small dispersoids 
of a-AIMnFeSi and coarse particles of AI 6 (Fe,Mn) (typical size larger than 5um 2 ) 
before and after brazing. After brazing, the number density of the particles in the 
strip cast material is about four times as that in the hot rolled material (see Table 
1). So, the size and distribution of the Fe-bearing particles in the fin alloy can be 
controlled and modified through continuous strip casting followed by proper 
processing. This is very beneficial for fin alloys in terms of corrosion performance. 

Furthermore, as it has been mentioned previously that by provision of a flux 
retaining coating on such provided cast sheet surface, especially if the flux is 
(reactive) fluoride-based flux, it is possible to utilize the improved corrosion 
resistance of strip cast sheets in manufacturing of heat exchanger components. 
One example is that the continuous strip cast sheet can be used as tube to 
combine with clad fin material in a heat exchanger; in this case, at least one of the 
flat surfaces of the said continuous cast sheet is coated with a reactive flux or a 
normal flux. Another example is that the continuous strip cast sheet can be used 
as header in a heat exchanger; in this case, at least one of the flat surfaces of the 
said continuous cast sheet is coated with Al-Si powders. 
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Claims 



A method of producing aluminium alloy sheet material 
characterised in the following steps- 
- continuous strip casting of a sheet at a predetermined solidification rate 
ensunng materia, microstructure exhibiting primary particles halo 
average size below 1 micrometer 2 and 9 

" int2l? t 9 ° f ^ StriP ^ Sh6et t0 m aPP « 9auge with optionally 
intermed.ate annealing during the cold rolling. 

Method according to claim 1, 
characterised in that 

the sheets are further annealed during cold rolling. 

Method according to claims 1 and 2, 
characterised in that 

cr^z* r 45 mm ,hick swp and °° ,d roi,ed ,o 058 - 

oy an intermediate annealing. 

Method according to claims 1-3, 
characterised in that 

me jn^ediate anneaHng was undertaken in an a ir furnace by nea«n g 
from room temperature ,o 340°C a, and soafctng a, 340X for 3 



Method according to claims 1-4 
characterised in that 

after cooling from 340°C to 200°C at 
in air. 



'°C/hour, the material was cooled 



Method according to claims 2-5 
characterised in that 

after anneaiing, the material was further cold rolled to 60 m . 

An aluminium alloy sheet, 
characterised in that 

i~::r re exhibfts p ^ *— — - 

Aluminium alloy sheet according to claim 7, 
characterised in that 

•he Prima* partic.es are iron-enriched partes ensuring improved pitting 
corrosion resistance. H«ung 

Aluminium alloy sheet according to claim 7-8, 
characterised in that 

a. teas, one of the flat surfaces is coated with a reactive flux retain™ 
coata* capable ot providing jo in,s in a bra z ing process, whereTZ 
surface a. leas, partial is coated with a flux retaining composition 

mettrao^tatehomopoiymer or a me.hac*ia.e copolymer. 

Aluminium alloy sheet according to claims 7-9, 
characterised In that 

at leas, one o, the flat surfaces Is coated with a reacttve flux or a norma, 

XT 9 - sheet to te — as - - - * • « 

Aluminium alloy sheet according to claims 7-9, 
characterised in that 

at least one o, the flat surfaces is coated with Al-Si powders to enable the 
sheet ,o be utilised as header in a heat exchange, >j 



ft 

I 
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Abstract 



The invention relates to a method and an aluminium alloy sheet materia. The 
~ o, produce aluminium alloy sheet mateda, eomprislng 

■ continuous strip oasting of a sheet a, a prede.enr.ined solidification rate 

2Z mfcr0S,m0,Ure eXh,b " in9 P3dfc.ee ZZ 

average size below 1 micrometer 2 , and 

- (cold) rolling of the stdp oast shear .„ „ 

„„,. „ . v neet to an appropriate gauge with 

optionally intermediate annealing during the cold rolling. 

K an object of the present invention to provide a novel method of produotion of AT * 
alloy sheets appiioable on hea, exchanger sheet based compon^^t 
improved ^^^^^^ 
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Figure 5 



